In our effort to obtain biologically active compounds, new 3,5-disubstituted 1,3-thiazolidine-2,4-diones (5a -r) were synthesized. A series of 5-arylmethylidene-1,3-thiazolidine-2,4-diones (3a -r) were prepared by Knoevenagel reaction from 1,3-thiazolidine-2,4-dione (2) and appropriate aromatic aldehydes. Condensation of 3a -r with 7-hydroxy-4-bromomethyl-2-oxo-2H-chromene (1) afforded novel 3-(7-hydroxy-2-oxo-2H-chromen-4-ylmethyl)-5-arylidene-1,3-thiazolidine-2,4-diones 5a -r. Compounds 3a -r and 5a -r were evaluated for their antioxidant activity (DPPH free radical scavenging activity).
Introduction
1,3-thiazolidine-2,4-dione is used as a starting material for the synthesis of drugs. In heterocyclic chemistry, the class of 1,3-thiazolidine-2,4-diones is particularly important as therapeutic agents and have been thoroughly investigated as peroxisome proliferator-activated receptor-γ-antagonists (PPAR-γ-antagonists), leading to the development of several insulin-sensitizing drugs for the treatment of diabetes type-2.
Extensive interest has been focused on 1,3-thiazolidine-2,4-dione derivatives which have been shown to possess a broad spectrum of biological activities. The most important of these are antidiabetic [1, 2] , analgesic [3] , cardiotonic [4] , antibacterial, antifungal [5] [6] [7] [8] , antimicrobial [9] , anticonvulsant [10] , and cyclooxygenase and lipoxygenase inhibitory [11] activities. 1,3-thiazolidine-2,4-dione derivatives were investigated as templates for the design and synthesis of novel and safe antiinflammatory compounds [12, 13] . Multi-substituted benzylidenethiazolidine-2,4-diones have also been proven to be potent antioxidants [14] . Hossain and Bhattacharya [15] have synthesized a series of 5-arylidene-2,4-thiazolidinediones and their geranyloxy or prenyloxy derivatives; all compounds scavenged the DPPH (1,1-diphenyl-2-picryhydraz-0932-0776 / 11 / 0200-0177 $ 06.00 c 2011 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com yl) radical significantly in a concentration-dependent manner.
Natural coumarins affect the formation and scavenging of reactive oxygen species (ROS) and influence free radical-mediated oxidative damage [16] . The styryl carbonyl moiety in the coumarin skeleton is expected to affect scavenging of reactive substances derived from oxygen and to influence the process involving free radical-mediated injury [17] .
Based upon the above considerations, it seemed worthy to design and synthesize certain new heterocyclic compounds containing the 1,3-thiazolidine-2,4-dione moiety and the coumarin unit in one frame.
Results and Discussion
The synthetic routes followed in the preparation of the new compounds are illustrated in Schemes 1 -3. The products are listed in Table 1 . Compound 1 was synthesized from ethyl 4-bromoacetoacetate and resorcinol in conc. sulfuric acid at −10 • C, according to the literature method [18] (Scheme 1). 1,3-thiazolidine-2,4-dione (2) was obtained from monochloroacetic acid and thiourea in hot water [7] , and yielded up on Knoevenagel condensation [19] with substituted aromatic aldehydes the 5-arylmethylidene-1,3-thiazolidine-2,4-diones 3a -r (Scheme 2). A series of novel 3,5-disubstituted 1,3-thiazolidin-2,4-diones 5a -r was obtained by condensation of compounds 3a -r with 1 (Scheme 3). N-Substitution [20] of 1,3-thiazolidin-2,4-diones 2 with 7-hydroxy-4-bromomethyl-2-oxo-2H-chromene (1) in DMF/K 2 CO 3 furnished thiazolidine-2,4-dione derivative 4, which on Knoevenagel condensation with substituted aromatic aldehydes yielded the same compounds 5a -r (Scheme 3). The constitution of the synthesized compounds was elucidated by elemental analysis, FT IR, 1 H NMR and mass spectral data. The IR spectra of compounds 5a -r showed bands at 3300 -3420 (7-OH coum. and arom. stretching), 3120 (CH aromatic stretching), 3002 (CH stretching, vinyl), 2925 and 2785 (aliphatic asymmetric and symmetric stretching, respectively), 1726 -1670 (α-pyrone C=O stretching), 1587, 1608 -1654 (C=C stretching), 1313 (C-N stretching), 1253 -1270 (C-O-C stretching), and 748 -783 cm −1 (C-S-C stretching). The 1 H NMR spectrum for compound 4 shows singlet signals for the NCH 2 protons at δ = 4.86 ppm and for the ring-CH 2 protons at 4.37 ppm. After Knoevenagel condensation, compounds 5a -r were obtained. In the 1 H NMR spectra of these products the signal for the ring-CH 2 protons is absent. In the mass spectra, all the compounds gave [M-H] + ion peaks.
Antioxidant assay
The DPPH free radical, bearing an odd electron, gives a strong absorption maximum at λ = 517 nm and is purple in color. When the odd electron of the DPPH radical pairs with a hydrogen atom from a free radical scavenging antioxidant, the reduced form DPPH-H is created, and the color turns from purple to yellow. The method used in our work applies to the overall antioxi- dant capacity of the sample after 30 min of incubation. The DPPH-scavenging activity was determined against ascorbic acid as the standard compound.
Antioxidant activity
The data given in Fig. 1 show that substituents on the phenyl ring have a great influence on the antioxidant activity. The DPPH-scavenging activity of the compounds showing the best results in descending order was found to be: 5p > 3p > 5q > 3q > 3o.
The compound showing the best DPPH scavenging activity was 5p with a 3,4-(OH) 2 -substitued phenyl ring, followed by 3p with the same substituents on the phenyl ring. Compounds 5q and 3q with 3-OCH 3 -4-OH substituents on the phenyl ring also showed very good antioxidant activity. All of these compounds possess a free hydroxyl group in p-position of the phenyl ring, which can donate a hydrogen atom, and another electron-donating group in m-position, the presence of which obviously enhances the scavenging activity. Lin et al. [21] showed that radical-scavenging effects of coumarins were correlated with the number of hydroxyl groups, the presence of a free hydroxyl group in a phenyl ring influencing the scavenging activity [22] . Substituents on the phenyl ring, as well as their position, had a greater influence on the free radical scavenging activity than the presence of the coumarin moiety attached to the 5-arylmethylidene-1,3-thiazolidine-2,4-dione core. However, in a comparison of compounds with the same substituent pattern in the series 3a -r vs. 5a -r, the latter ones showed a better scavenging activity, with the exception of 3o. These compounds also possess an olefinic bond and an NH group in the thiazolidinedione moiety, which can also contribute to the radical scavenging activity [15] .
Conclusion
In this study antioxidant properties of the 5-arylmethylidene-1,3-thiazolidine-2,4-diones 3a -r and of the novel 3-(7-hydroxy-2-oxo-2H-chromen-4-ylmethyl)-5-arylidene-1,3-thiazolidine-2,4-diones 5a -r were examined. Some of the compounds show excellent DPPH scavenging properties.
Experimental Section

General information
The melting points were taken on an Electrothermal Capillary melting point apparatus and are uncorrected. Thinlayer chromatographies were performed using fluorescent silica gel plates HF 254 Merck, which were examined under UV light (254 and 365 nm), using benzene / acetone / acetic acid (8 : 1 : 1) as eluent. Silica gel (230 -400 mesh) was used for flash chromatography separations. The elemental analyses for C, H and N were carried out on a Perkin-Elmer Analyzer 2440. Infrared spectra (ν in cm −1 ) were recorded on a Shimadzu FT-IR 8400 S instrument, using KBr disks. 1 H NMR spectra were recorded on a Jeol EX-270 MHz NMR spectrometer at 293 K in [D 6 ]DMSO. Spectra were internally referenced to TMS. Peaks are reported in ppm downfield of TMS. The mass spectra were recorded on an LC/MS/MS (API 2000) Applied Biosystems instrument. The absorbance was measured on a UV/Vis spectrophotometer Helios γ (Thermo Spectronic, Cambridge UK).
General procedure for preparation of 5-arylidene-1,3-thiazolidine-2,4-diones 3a -r [19]
An appropriate aromatic aldehyde (5 mmol) was added to a stirred mixture of 1,3-thiazolidine-2,4-dione (2) (5 mmol) and piperidine (4 mmol) in ethanol (8.5 mL). The reaction mixture was refluxed for 24 h until the starting compounds had completely disappeared as monitored by TLC using benzene / acetone / acetic acid (8 : 1 : 1). The reaction mixture was poured into water, and acetic acid was added dropwise till acidic to litmus paper. The precipitated product was filtered, washed with water, and crystallized from the appropriate solvent to give pure compounds 3a -r.
General procedure for preparation of 3-(7-hydroxy-2-oxo-2H-chromen-4-ylmethyl)-5-arylidene-1,3-thiazolidine-2,4-diones 5a -r [20]
An equimolar mixture of 5-arylidene-1,3-thiazolidine-2,4-diones 3a -r (10.0 mmol), 7-hydroxy-4-bromomethyl-2-oxo-2H-chromene (1), (10.0 mmol) and anhydrous K 2 CO 3 (10.0 mmol) was stirred at room temperature in DMF (10 mL) for 6 h. The reaction mixture was poured into crushed ice/water. The precipitated product was filtered, washed with water and crystallized from methanol. Pure compounds 5a -r were obtained. 
(Z)-5-Benzylidene-3-[(7-hydroxy-2-oxo-2H-chromen-4-yl)-methyl]thiazolidine-2,4-dione (5a)
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(Z)-5-(2-hydroxybenzylidene)-3-[(7-hydroxy-2-oxo-2H-chromen-4-yl)methyl]thiazolidine-2,4-dione (5b)
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(Z)-5-(3-hydroxybenzylidene)-3-[(7-hydroxy-2-oxo-2H-chromen-4-yl)methyl]thiazolidine-2,4-dione (5c)
